This study was conducted to determine the preoperative and intraoperative risk factors of ED and the underlying penile vascular abnormalities among patients with penile fracture treated surgically. In all, 180 patients with penile fracture were treated surgically and followed up in one center. None of our patients had ED before the penile trauma and only two of them had risk factors for systemic vascular diseases, such as diabetes mellitus (one patient) and hypertension (one patient). After a mean follow-up of 106 months, 11 patients (6.6%) developed ED, 7 had mild ED and 4 had moderate ED. The main risk factors for subsequent ED were aging, 450 years, and bilateral corporal involvement. Among the 11 patients with ED, color Doppler ultrasonography (CDU) showed normal Doppler indices in 4 (36.4%), veno-occlusive dysfunction in 4 (36.4%) and arterial insufficiency in the remaining 3 (27.2%) patients. CDU assessments from the injured and intact sides were comparable. ED of either a psychological or vascular origin can be encountered as a long-term sequel of surgical treatment of penile fracture. Aging, 450 years, at presentation and bilateral corporal involvement is the main risk factors for subsequent development of ED.
Introduction
Penile fracture is defined as the traumatic rupture of the tunica albuginea of the corpus cavernosum secondary to blunt trauma to the erect penis. In classic presentation, the patient complains of acute penile pain that may be accompanied by a characteristic snapping sound, immediate detumescence, progressive swelling and ecchymosis. 1 The preferred management of fracture penis is immediate surgical intervention. Most recent studies favor early surgical repair because of the adequate functional and cosmetic results with minimal complications. [2] [3] [4] [5] [6] [7] [8] [9] [10] Late complications of penile fracture comprise ED, deviation of the erect penis, development of plaques resembling those of La Peyronie disease, urethrocavernous or urethrocutaneous fistula and poor urinary stream. [9] [10] [11] [12] ED is a critical problem that may have serious physical and psychological consequences. ED is caused by possible venous leakage at the site of the healed tear. 11, 13 Contemporary series showed that the incidence of ED after surgical repair of fracture penis ranges from 0% up to 16.6%. 6, 7, [13] [14] [15] [16] [17] [18] [19] Several important issues may be raised during discussing the development of ED after surgical repair of fracture penis. First, is delayed presentation after trauma a risk factor for ED? Second, does multiplicity or sites of tunical tears worsen the postoperative potency? Furthermore, does the etiology of trauma or associated urethral injury have an influence on development of ED? In addition, do non-absorbable sutures may induce more fibrosis and worsen the postoperative potency?
To the best of our knowledge, the previously mentioned controversial issues were not evaluated in detail in already published series of penile fracture. In this study, the impact of pre-and intraoperative findings of 180 patients with penile fracture treated surgically on postoperative erectile function were evaluated. Also, the penile vascular status of such men with ED has been investigated by penile color Doppler ultrasonography (CDU) after a long-term interval following surgery.
Patients and methods

Patients
Our institutional ethics committee reviewed and approved the study protocol. The computerized surgical records at our institute were reviewed to identify patients who underwent surgical repair of fracture penis between January 1989 and May 2010. In all, 180 patients with a mean (range) age of 35 years (18-72) were identified. Clinical presentation, investigations, operative and postoperative details were reviewed from the patient charts. Patients were categorized according to timing of presentation into group I (149 patients) with early presentation (p24 h) and group II (31 patients) with delayed presentation (424 h).
Surgical repair
Surgical repair included a degloving circumferential incision in 145 patients (80.6%) or direct incision over the site of tear in 35 patients (19.4%) to evacuate the hematoma beneath Buck's fascia. The urethral catheter was fixed routinely at the start of operation and left in position for 1 day. Subcutaneous hematoma along the penile shaft and scrotum was left for spontaneous resolution. Closure of the tunical defect was performed with absorbable (polydioxanone or polyglycolic acid) interrupted sutures in 166 (92.2%) cases and non-absorbable suture was used in 14 (7.8%) cases. In cases of partial urethral tear, direct repair of the tear was carried out. In complete urethral injury, the treatment consists of tension free end-to-end anastmosis after sufficient dissection of the urethra at both sides of the tear. Repair of the urethral rupture was performed using 3/0 or 4/0 absorbable (polydioxanone or polyglycolic acid) interrupted sutures. A siliconized urethral catheter was left for 1-2 weeks in cases of partial injury and reach 3-4 weeks in cases of complete rupture. All patients were instructed to abstain from sexual activity during the first 6 weeks.
Follow-up
Duration of follow-up ranged from 3 to 272 months with a mean±s.d. of 106±67. Patients were contacted by mail or phone and were re-evaluated. All patients were re-evaluated using the Sexual Health Inventory for Men questionnaire for married cases, 20 and the single question self-report of ED was used for single cases. 21 Local examination was carried out for all patients to detect penile deviation and fibrotic scaring. Patients with ED were evaluated by CDU.
Penile CDU was carried out in a private quiet room; erection was induced by intracavernous injection of 20 mg prostaglandin E 1 . Response to erection was considered positive when there was rigid erection that persisted for 415 min. To achieve complete cavernosal smooth muscle relaxation, patient self-stimulation was encouraged. Penile CDU (An Accuson-128 XP (Accuson, Inc., Mountain View, CA, USA) with linear transducer 5-10 MHz) was performed within a minute following intracavernous injection of prostaglandin E 1 . Scanning was started at the base of the penis, the cavernosal arteries were identified with serial measurement of peak systolic velocity, end-diastolic velocity and resistive index every 5 min for 30 min until maximum peak systolic velocity and minimal end-diastolic velocity were reached. A dynamic peak systolic velocity o30 cm s À1 was considered as indicative of arterial insufficiency, resistive index o0.85 and end-diastolic velocity 45 cm s À1 were considered as suggestive of venoocclusive dysfunction (VOD). 22 
Statistical analysis
Patients' data was analyzed using SPSS version 15 (Chicago, IL, USA). Comparison between groups was carried out using w 2 -test and Student t-test when appropriate with a P-value o0.05 was considered statistically significant.
Results
Patients presented to the emergency room from 1 h to 7 days (mean ¼ 17.4 h) after the occurrence of the penile trauma. Among our patients, 120 (66.7%) were married, whereas the remaining 60 (33.3%) were single. The most common cause of fracture penis in our patients was vigorous sexual intercourse in 52.2% of patients (94/180); Table 1 lists All the patients came complaining of penile swelling and ecchymosis and 83 (46.1%) patients reported hearing a snap sound. Characteristic clinical presentation was diagnostic in all the patients, and we verified the diagnosis by penile sonography in 58 patients that showed the site of tear accurately in 53 patients (93%). Magnetic resonance imaging was performed in the other four cases, and it was diagnostic in three cases (75%) and false positive in one patient (25%) for the presence of tear. Among our series, 16 patients complained of associated urethral bleeding and 2 patients complained of acute urine retention.
By history, none of the men enrolled in our study had ED before the penile trauma and only two of them had risk factors for systemic vascular diseases at first presentation, such as diabetes mellitus (one patient) and hypertension (one patient).
On surgical exploration, a tunical tear was found in the right corpus cavernosum in 101 patients (56.1%), in the left corpus in 58 (32.2%) and bilateral in 5 cases (2.7%). In 16 cases (8.8%), exploration revealed intact tunica with bleeding from the torn superficial vein that was ligated (false fracture penis). The site of tunical tear was in the proximal shaft of the penis in 63 patients (38.4%) and in the mid of the shaft in 92 patients (56%) in distal part in 9 patients (5.6%). All the tunical tears were on the ventral aspect of the penis. Urethral repair was required in 18 (10%) cases.
No significant early postoperative morbidity was encountered except for five (2.3%) cases, of whom three had mild wound infection and the remaining two were complicated by bleeding and hematoma required fixation of rubber drain. Sudden death occurred in one case because of the extensive myocardial infraction possibly as an anesthetic complication.
In all, 14 patients of 180 cases lost follow-up, the mean follow-up period for the remaining 166 patients was 106 months. After such long-term follow-up, there was no complications in 131 (78.9%), painful erection in 2 (1.2%), penile deviation in 8 (4.8%), ED in 11 (6.6%) and palpable scaring in 14 (8.4%, in 10 of them, non-absorbable suture were used in surgical repair). Comparison between absorbable and non-absorbable sutures showed a highly significant tendency to scar formation with non-absorbable sutures (Po0.001).
Among 11 patients who had ED, 7 had mild ED and 4 had moderate ED. Among them, four showed good response to prostaglandin E 1 intracavernous injection together with normal penile duplex findings, another four patients showed tumescence with prostaglandin E 1 injection with high end-diastolic velocity on penile duplex ultrasonography suggestive of incompetent veno-occlusive mechanism and three patients showed penile artery insufficiency in Doppler ultrasound. Also, CDU assessment from the injured and intact sides did not reveal any statistically significant difference.
To determine the predictors of postoperative ED, the 11 patients with ED were compared to potent ones regarding the preoperative findings (Table 1) and intraoperative findings ( Table 2 ). The mean ages of the patients with ED and without ED were 44.7 ± 13.9 and 33.3 ± 9.9 years (P40.001, Student t-test), respectively. Among the evaluated variables, aging (450 years) and bilateral corporal involvement have a deleterious impact on postoperative erectile function.
Discussion
Fractures of the penis occur entirely during erection as a result of marked thinning of tunica albuginea from a resting thickness of 2 mm down to 0.25-0.5 mm combined with marked increase in intracavernous pressure, that exceed the tunical tensile strength during acute, abrupt bending of the penis. 11 The etiology of penile fracture differs according to the geographical area of report. Sexual intercourse was found to be the most important cause in western countries. 4 Those from the Middle East resulted mainly from penile manipulation; in a series of 373 patients, Zargooshi 19 indicated that the most common mechanism of fracture penis was acute bending of the erect penis in an attempt to achieve detumescence (76.4%). In our series, sexual intercourse was the main cause of trauma, similar to that reported in western countries. 4 However, we could not find a significant impact of the etiology of penile fracture on postoperative erectile function. In early classic presentation of penile fracture, there is often cracking sound followed by pain, rapid detumescence, swelling and penile deformity. 10 If a fractured penis is neglected, the initial manifestations, namely edema and hematoma, subside gradually. In a series of 32 patients with penile fracture reported by Asgari et al., 23 they found that a delay of 48 h was associated with penile curvature and painful intercourse postoperatively. In another series of three patients with penile fracture who had definitive therapy delayed for periods of 24-40 h, they found that, despite the delay in presentation, all patients did well with normal, straight erections postoperatively. 24 In this study and after long-term follow-up, the erectile function of patients with delayed presentation compares favorably to those presented immediately after trauma with no statistically significant difference.
Treatment options of penile fracture include conservative approach and immediate surgical repair; however, the preferred management of fracture penis is immediate surgical intervention. 25 Our results support the surgical approach as the main stay in management of penile fracture, as longterm follow-up showed good functional results in terms of maintained normal sexual function and absent penile curvature or scaring in 78.9% of the followed cases. On long term, 6.6% of patients in our series had ED, which is within the range of 0-16.6% previously reported. [13] [14] [15] [16] [17] [18] [19] We preferred the sub-coronal circumferential incision because of the excellent exposure of the three corpora, which avoids accidental missing of a urethral injury or multiple injuries of the tunica. 26 The right side was commonly affected (56.1%) in agreement with many reports. 6, 15 An explanation to this was proposed by Ateyah et al. 15 by the fact that most patients are right-handed where they manipulate the penis to the left side that may result in right-sided tears. False fracture was diagnosed in 8.8%, which is in harmony to the 4-10% range reported in the literature. 5, 27 None of the patients with false fracture developed ED on follow-up in contrast to patients with bilateral corporal involvement who showed ED in 40% of cases. Patients with unilateral right or left corporal involvement had 6.5-5.2% incidence of ED, respectively. Bilateral corporal involvement was a statistically significant risk factor for developing ED in our series, this is may be because of the fact that the possibility of developing VOD at the fracture site is doubled.
Some authors reported that the proximal third of the penile shaft is most often involved 15 in contrast to our finding being mid shaft in location and this could be explained that this site the weakest part of tunica during erection. We could not find a statistically significant impact of site of tunical tear on postoperative erectile function.
Continuous sutures are preferred by some authors for repair of the tunical tears because it is more water tight; however, it may be liable for dehiscence on future erections, so we preferred interrupted sutures. The absorbable sutures were favored for repair of the ruptured tunica albuginea and nonabsorbable suture showed higher incidence of scaring in our series. However, the type of sutures did not show deleterious effect on postoperative potency among our patients.
All the tunical tears in our series were on the ventral aspect of the penis. This could be explained by the fact that the tunica albuginea is thicker dorsally than ventrally and is less liable to stretch beyond its limit during erection. Also, the dorsal aspect is further supported by the neurovascular bundle. In case of forceful ventral bending, the dorsal vessels are more liable to snap than is the dorsal tunica albuginea, and the resulting pain usually brings the traumatic force to stop, protecting the dorsal tunica from further development of pressure. Thus ventral rupture is much higher than dorsal rupture. 1 An associated urethral injury was found in 18 patients (10%), which is in harmony to the 10-20% range reported in the recent studies. 2, 26 In suspected cases of associated urethral injury, many authors recommend urethrography before surgical exploration. Evidence of bilateral corporal rupture should prompt investigation for a potential urethral injury, because bilateral injuries have a higher rate of urethral disruption compared with unilateral fractures. 2 In our study, five patients had bilateral corporal tears, among them four (80%) had urethral injury. In this study, the presence of urethral tear at exploration did not affect the erectile function on long-term follow-up.
Naraynsingh et al. 28 found that conservative treatment for 7-12 days in three cases of penile fracture allowed edema to subside from penile shaft, this facilitated a simple direct repair without the need for degloving dissection. After 18 months of follow-up, this technique had no complications. In agreement with Naraynsingh et al., 28 Nasser and Mostafa 16 reported successful outcome with this approach in 24 patients followed up for 6 months. None of their patients had ED or plaque of fibrosis. In our series, the erectile function of patients with delayed presentation (424 h) compares favorably to those presented immediately after trauma with no statistically significant difference, which is similar to previous reports. 28, 16 Penile vascular abnormalities after penile trauma were investigated by some authors.
11,13,29 Penson et al.
11 evaluated 19 patients with ED after blunt trauma to erect penis by dynamic infusion cavernosometry/cavernosography and CDU. They found that corporeal VOD was the most common hemodynamic abnormality (84%). Cavernous artery insufficiency was found less often (37%). Gontero et al. 29 evaluated two of four patients complaining of ED at 5 months after immediate ED after penile fracture A El-Assmy et al surgical repair of penile fracture, and found that one of the two patients had VOD and the other had psychogenic ED. Nane et al. 13 evaluated 15 patients (9 potent and 6 with ED) after surgical repair of penile fracture. During a long-term interval (mean 3.6±1.9 years) after surgical treatment, CDU revealed that 46.7% of patients had normal vascular system and 26.7, 20 and 6.7% of patients had VOD, arterial insufciency or mixed vascular disease.
In our series and among 11 patients with ED, 4 were proved to have incompetent veno-occlusive mechanism. Another four showed normal color duplex penile indices precluding any vascular problems. In those patients, ED was attributed to psychogenic element, as they reported that their sexual acts are currently performed with extreme fear of recurrence of such trauma, which may interrupt spontaneity and normality of the act. Three patients showed penile artery insufficiency in CDU, this could be explained by the fact that those patients had diabetes mellitus and being of old age. Also, in our study, CDU assessment from the injured and intact sides did not reveal any difference similar to the finding of Nane et al.
13
Our study had some limitations; first, this a retrospective study with non-uniform way of using of radiological imaging for diagnosis. Second, the long-term interval following surgery will question the validity of CDU results in those patients. Some of those patients will develop ED after long-term follow-up, with no relation to previous trauma and surgery. Added to this is the absence of a control group; CDU results of patients with no complaint of ED will highlight the effect of trauma and surgery in patients with/without ED.
Conclusions
Surgical repair of penile fracture has good functional results with low morbidity. On the long term, the majority of the patients maintained their erectile ability without any penile angulation or deformity. However, ED of either a psychological or vascular origin can be encountered as a long-term sequel; so these patients deserves long term follow-up. The main predictors of deterioration of postoperative potency are aging (450 years) and bilateral corporal involvement.
